T cells from HTLV-1-infected individuals have a decreased ability to proliferate after stimulation with recall antigens. This abnormality may be due to the production of regulatory cytokine or a dysfunctional antigen presentation. The aims of this study were to evaluate the antibody production and cytokine expression by lymphocytes before and after immunization with tetanus toxoid (TT) and to evaluate the immune response of monocytes after stimulation with TT and frequency of dendritic cells (DC) subsets. HTLV-1 carriers (HC) and uninfected controls (UC) with negative serology for TT were immunized with TT, and the antibody titers were determined by ELISA as well as the cell activation markers expression by monocytes. The frequencies of DC subsets were determined by flow cytometry. Following immunization, the IgG anti-TT titers and the frequency of CD4 + T cells expressing IFN-c, TNF-a and IL-10 in response to TT were lower in the HC than in the UC. Additionally, monocytes from HC did not exhibit increased HLA-DR expression after stimulation with TT, and presented low numbers of DC subsets, therefore, it's necessary to perform functional studies with antigen-presenting cells. Collectively, our finding suggests that HC present an impairment of the humoral and CD4 + T cell immune responses after vaccination. Ó
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Introduction
The human T cell lymphotropic virus type 1 (HTLV-1) is a retrovirus that infects 10-20 million people worldwide [1] . Adult T-cell leukemia/lymphoma (ATLL) [2] and HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP) [3] are the main diseases associated with this virus. However, a large percentage of infected individuals remain only HTLV-1 carriers (HC) [4] . HTLV-1 predominantly infects CD4 + T cells but also infects CD8 + T cells, dendritic cells, monocytes and B cells, leading to spontaneous lymphocyte proliferation and cytokine production in the absence of exogenous stimuli [5] [6] [7] [8] [9] , such as interferon-gamma (IFN-c), tumor necrosis factor (TNF) and interleukin-6 (IL-6) [10] [11] [12] . In vitro studies have shown that HC present a higher cytokine production compared with uninfected controls (UCs) [13] .
HTLV-1 modifies the immune response to other infectious agents and increases susceptibility to other infectious diseases, such as strongyloidiasis [14] , tuberculosis [15] [16] [17] and severe scabies [18] . The exacerbated production of Th1 cytokines may downregulate Th2 cell activation, and this imbalance may explain not only the increased susceptibility to Strongyloides stercoralis infection but also the increased frequency of recurrent and disseminated strongyloidiasis in HTLV-1-infected individuals [19, 20] . However, the increased susceptibility of HTLV-1-infected subjects to develop tuberculosis and fungal infections is intriguing, because the control of these infections is dependent on the activation of phagocytes mediated by IFN-c [15, 21] . In Peru, HTLV-1-infected individuals have a two-fold increased chance of acquiring tuberculosis [22] , and in Salvador, Bahia, which is an endemic area for tuberculosis and HTLV-1, HTLV-1-infected subjects have a 2.6-fold greater risk of acquiring an infection with Mycobacterium tuberculosis [23] . It is known that HTLV- antigens, tetanus toxoid (TT), cytomegalovirus and Candida albicans antigens [24] . Possible factors that may contribute to this suppression include the decreased abilities of antigen-presenting cells (APC) to present antigen and/or an increasing in regulatory cytokines production. In patients with ATLL, a decreased expression of HLA-DR on dendritic cells has been documented [25, 26] . Additionally, it has been shown that IL-12 enhances lymphocyte proliferation and IFN-c production in HTLV-1-infected subjects [27] . In addition, HC exhibit high IL-10 production [13] . Because a direct correlation between IFN-c and IL-10 production is observed in HC, it is possible that this attempt to down-modulate the exaggerated immune response induced by the virus through the production of regulatory cytokines, may decrease the immune response to other antigens.
Although the T cell response has been widely studied in HTLV-1 infection, there are scattered studies regarding APCs in this viral infection. It is known that HTLV-1 can infect the myeloid cell lineage [7, 8, 28] , and few studies have shown abnormalities in APCs that could lead to a decreased adaptative immune response to a biased antigen [28] . In this study, we hypothesized that HTLV-1-infected subjects have impairments in the humoral and cellular immune responses following vaccination with tetanus toxoid (TT), and this could be related to an increased production of regulatory cytokines or a decreased frequency or function of APCs. Thus, we evaluated the anti-TT antibody production and frequency of CD4 + and CD8 + T cells expressing cytokines (IFN-c, TNF and IL-10) before and after immunization. Furthermore, we evaluated the frequency of plasmacytoid and myeloid dendritic cells and the ability of the monocytes to express costimulatory molecules (CD80 and CD86) and HLA-DR after stimulation with TT.
Materials and methods

Study design
This mixed-type study comprises a cohort study with the participation of HTLV-1 carriers (HC) and uninfected controls (UC) aimed to compare the immunological responses in these two groups after vaccination with tetanus toxoid (TT) and a cross-sectional study comparing the frequency of dendritic cells in HC (n = 20) and UC (n = 10).
Study population
For the cohort study, HC were selected from the HTLV-1 Clinic at the Hospital Universitário Professor Edgard Santos, Federal University of Bahia, Brazil. The diagnosis of HTLV-1 was performed by ELISA (Murex Biotech Limited, Dartford, UK) at the Blood Bank located in Salvador, Bahia, Brazil, and confirmed by western blot (HTLV blot 2.4, Genelabs, Singapore) in our laboratory. Since 2004, our HTLV-1 Clinic has conducted a cohort study, where the patients are followed by clinical and immunological evaluations (cytokines and proviral load determination). The uninfected controls were blood donors and the serum from these individuals were collected and stored at À20°C.
For the cross-sectional study, a total of twenty asymptomatic HTLV-1-infected individuals followed at the HTLV-1 Reference Development of Science Foundation (Salvador, Bahia, Brazil) were included in the study. Uninfected controls were blood donors.
The inclusion criteria were individuals of both genders, 18-65 years of age, HTLV-1 carriers, absence of HTLV-1-associated neurological manifestation, and immunized for TT for more than ten years. All of the subjects agreed to participate in the study and signed an informed consent form. The absence of neurological disease was determined by evaluation of motor dysfunction by Osame's motor disability score (OMDS) [29] , and neurological involvement was assessed by the expanded disability status scale (EDSS) [30] . Only subjects with OMDS = 0 and EDSS = 0 were included. The exclusion criteria were use of antiviral drugs or immunomodulators in the previous 90 days, helminthic infection, coinfection with HIV, HCV or HBV or immunization for TT for less than 10 years. Information of immunization with TT or documentation of immunization was based on a vaccination card. Informed consent was obtained from all of the enrolled patients, and the Institutional Research Board from the Federal University of Bahia approved this study (protocol number 154/2009).
Immunization protocol and serology to tetanus toxoid
Two doses of TT (40 I.U. of TT per dose, using thimerosal as a stabilizer and aluminum hydroxide as an adjuvant) were administered by intramuscular route, and the second dose was administered 30 days after the first dose. The heparinized peripheral blood and serum samples were obtained before and 60 days after immunization. Immunological evaluations were performed on day 0 (prior to TT vaccination) and on day 60.
The serology for TT was performed using an enzyme-linked immunosorbent assay (ELISA). Briefly, a 96-well plate was coated with TT (0.1 Lf/mL) in coating buffer (sodium carbonate and sodium bicarbonate, pH 9.6) overnight at 4°C. The sera from HCs and UCs were diluted (1:100) in PBS at pH 7.2 supplemented with 0.05% Tween 20 and incubated for 1 h at 37°C. Goat anti-human IgG alkaline phosphatase conjugate (Sigma Chemicals, St. Louis, MO, USA) was diluted (1:1000) in PBS pH 7.2 supplemented with 0.05% Tween 20 and incubated for 1 h at 37°C, and 1 mg/mL p-nitrophenyl phosphate (pNPP, Sigma Chemicals, St. Louis, MO, USA) was used to reveal the reaction. The plate was read at 405 nm.
To evaluate the IgG isotypes, a 96-well plate was coated with TT (0.1 Lf/mL) in coating buffer overnight at 4°C. The plate was blocked with phosphate buffer saline plus 1% bovine albumin serum (PBS + 1% BSA) for 1 h at 37°C. The sera from HC and UC were added (1:100 dilution in PBS + 1% BSA) for 1 h at 37°C. The biotinylated antibodies (mouse anti-human IgG1, mouse antihuman IgG2, mouse anti-human IgG3 and mouse anti-human IgG4; Sigma Chemicals, St. Louis, MO, USA) were added for 1 h at 37°C. Horseradish-peroxidase streptavidin (Invitrogen, Carlsbad, CA, USA) was added for 30 min at room temperature (RT). The reactions were revealed by incubation with tetramethylbenzidine (TMB: Invitrogen, Carlsbad, CA, USA) for 20 min at room temperature. Finally, the reactions were stopped with 2 N H 2 SO 4 . The plate was read at 450 nm. (HC) and 0.27 ± 0.17% (UC). These background status had no statistical difference.
PBMC isolation and flow cytometry assays
To evaluate the expression of costimulatory molecules and HLA-DR in monocytes from HC and UC before immunization with TT, PBMCs were cultured for 6 h with and without TT (0.5 Lf/mL). The cells were then incubated with FITC, PE or PE-Cy5-labeled monoclonal antibodies (Ig controls, CD14, HLA-DR, CD80 and CD86) for 20 min at 4°C. All of the above-mentioned reagents were from BD Pharmingen, (San Diego, CA, USA). After staining, the cells were washed with phosphate-buffer saline (PBS), fixed with 2% formaldehyde in PBS and maintained at 4°C until data acquisition. The values are expressed as mean of fluorescence intensity (MFI).
In all cases, 100,000 gated events were acquired with a FACScanto II cytometer, and the analysis was performed using the FlowJo software (version 7.6.1).
Quantification of dendritic cell subsets
The peripheral blood dendritic cells were measured through a flow cytometry analysis of fresh whole blood within 12 h of sampling. Briefly, whole blood cells were incubated for 30 min in the presence of the following monoclonal antibodies (mAbs) at room temperature: cocktail lineage conjugated with fluorescein isothiocyanate (Lin 1-FITC) (Caltag, Burlingame, CA, USA), anti-HLA-DR conjugated with PE-Cy5 (Caltag, Burlingame, CA, USA), anti- To compare antibody production, frequency of cells expressing surface molecules, cytokines expression and HTLV-1 proviral load before and after immunization were performed using the Wilcoxon signed-rank test. The Mann-Whitney U test was used to compare the results between the patients and healthy subjects. The analyses were performed using GraphPad Prism version 5.0 (San Diego, CA, USA), and differences with p < 0.05 were considered significantly different.
Results
Study population and humoral immune response against TT (Total IgG and IgG isotypes)
The demographic characteristics of the participants and the proviral load as well as IFN-c and TNF production in HTLV-1 infected subjects is shown on Table 1 (Fig. 1) .
The analysis of the IgG isotypes revealed high IgG1 production following immunization in both groups: 0.025 vs. 1.0 for HC (p = 0.0001) and 0.028 vs. 2.744 for UC (p = 0.0005). After immunization, the IgG1 anti-TT production in HC was lower than that observed in the UC group (p = 0.0006) (Fig. 2A) . The IgG2 anti-TT production increased after immunization in the HC (0.195 vs. 0.351, p = 0.0009) and UCs (0.162 vs. 0.591, p = 0.002) (Fig. 2B) . The same pattern was found for IgG3 anti-TT production: 0.027 vs. 0.049 in HCs (p = 0.009); 0.019 vs. 0.053 in UCs (p = 0.04) (Fig. 2C) . IgG4 anti-TT production was higher after immunization (Fig. 2D ).
IFN-c, TNF and IL-10 expression by lymphocytes
The frequency of CD4 + T cells expressing IFN-c remained the same before and after immunization (0.2 ± 0.1%, p = 0.8) in the HC. There was no significant increase in the expression of this cytokine by CD4 + T cells from the UC after immunization (0.4 ± 0.3% to 1.0 ± 2.0%, p = 0.8). After immunization, the frequency of CD4 + T cell expressing this cytokine was lower in the HC compared with the UC (p = 0.01) (Fig. 3B) . The analysis of TNF revealed that the percentage of CD4 + T cells expressing TNF from the HC was similar before and after immunization (0.3 ± 0.2% vs. 0.3 ± 0.1%, p = 0.7). Alternatively, in the UC, there was an increase in the percentage of cells expressing TNF from 0.3 ± 0.1% to 0.8 ± 0.9% (p = 0.02). The comparison of the frequency of cells expressing TNF revealed that the HC had lower frequency than the UC (p = 0.02) (Fig. 3C) . The IL-10 expression by CD4 + T cells from the HC did not increase after immunization (0.3 ± 0.3% vs. 0.2 ± 0.1%, p = 1). The analysis of the UC revealed a slight increase in IL-10 expression by CD4 + T cells after immunization, but this difference was not significant (0.3 ± 0.1% vs. 1.3 ± 2.9%, p = 0.08). The frequency of these cells was lower in HCs compared with UC (p = 0.01) (Fig. 3D) .
Regarding the expression of these cytokines in CD8 + T cells, there was no statistical difference when compared cells stimulates with TT before and after immunization, both in HC and in UC (data not shown).
HLA-DR, CD80 and CD86 expression by monocytes
The HLA-DR expression by CD14 + monocytes from HC did not increase after stimulation with TT (781 ± 873 vs. 793 ± 761, p = 0.3). However, the monocytes from the UC exhibited increased HLA-DR expression after stimulation with TT from 681 ± 615 vs. 898 ± 1055 (p = 0.005) (Fig. 4B) . After stimulation, the monocytes from the HC did not exhibit increased CD80 expression (1167 ± 1410 vs. 1579 ± 2272, p = 0.07). The same result was observed with the monocytes from the UC (936 ± 1318 vs. 1176 ± 1890, p = 0.2) (Fig. 4C) . The analysis of CD86 expression showed that the monocytes from the HC did not increase after stimulation with TT (3628 ± 4447 vs. 3394 ± 4529, p = 0.07). The same finding was obtained for the monocytes from the UC (2686 ± 3240 vs. 2647 ± 3169, p = 0.5) (Fig. 4D) .
Quantification of DC subsets
The median frequencies of both myeloid (mDC) and plasmacytoid (pDC) circulating DCs in the HC (0.06%, range: 0.01-0.4, and 0.08%, range: 0.01-0.3, respectively) were significantly lower than those found in the UC (0.3%, range: 0.1-0.6, and 0.1%, range: 0.06-0.3, respectively) (p = 0.002 and p = 0.01 for mDC and pDC, respectively) ( Fig. 5B and C) . 
Discussion
It is well known that HTLV-1 may impair the immune response to other pathogens and increases the susceptibility to other infectious diseases [15, 18, 31, 32, 22] . However, the mechanisms involved in this immunosuppression are not completely understood. In this study, we showed that the antibody production and the frequency of cells expressing cytokines after immunization with TT were lower in HTLV-1-infected individuals than in the uninfected controls. These data indicate that both the antibody production and cell-mediated immunity in HTLV-1-infected subjects are impaired in response to a biased antigen. Moreover, we showed that monocytes from HTLV-1-infected individuals exhibit a lower HLA-DR expression after TT stimulation and there was a lower frequency of the DC subsets in these individuals than the healthy subjects. These findings may indicate a possible involvement of APCs in abnormal immune response to TT in HTLV-1-infected subjects.
This study extends previous observations regarding the immune response after immunization with TT in HTLV-1-infected subjects because, in addition to antibody production, we evaluated the T cells and the APC response. In a previous study evaluating the anti-TT antibody production in HTLV-1-infected subjects, it was found that the HC produced a high amount of neutralizing anti-TT antibody [33] . In this study, we showed that the level of antibody production (total anti-TT IgG) in HTLV-1 carriers was lower than that observed in UC after immunization with TT. In this study, the TT immunization schedule, the evaluation time of the immune response after immunization and the determination of IgG production were different from those presented by Biasutti et al. [33] . However, although contradictory, we are comfortable with our results because the evaluation of IgG1 production revealed a similar pattern as that found for the total anti-TT IgG production. Another important issue is the age difference between the groups. The mean of age in UC was significantly lower than that of HTLV-1 carriers. It is well known that the humoral immune response gradually decreases with age, especially in individuals older than 60 years old [34, 35] . However, in biological terms we believe that the difference in age was not a strong factor that influenced directly on the results from this study, since the antibody levels were similar in the 2 groups before vaccination and both groups increased antibody production after TT vaccination. Additionally, it has been showed that after booster immunization with this recall antigen the anti-TT production in elderly was similar to that found among young people [36] .
A decrease in IgG production after vaccination with TT has also been found in HIV-infected individuals compared with healthy subjects [37] . The present study provides the first observation showing that HTLV-1-infected individuals present impaired antibody production after vaccination, which is a relevant finding for public health strategies.
Regarding the influence of the viral load in the immune response, it was documented that immunization for influenza virus induced an increased HIV-1 proviral load [38, 39] , in our study, the HTLV-1 proviral load did not change after immunization with TT.
Despite we found that the frequency of CD4 T cells expressing IFN-c upon stimulation with TT was lower than in uninfected control it is known that IFN-c produced by CD4 + and CD8 + T cells are higher in HTLV-1 infected individuals than in uninfected controls [40] . As IFN-c induces IgG production [41] and down-modulates the IgG1 response we evaluated the IgG isotypes before and after immunization with TT. The IgG2, IgG3 and IgG4 titers were similar in both HCs and UCs before and after immunization. However, the IgG1 production presented the same pattern as that observed for total IgG anti-TT. After immunization, the HCs presented lower levels of IgG1 anti-TT compared with the UC. Because IgG1 is the predominant IgG subclass anti-TT antibody [42] , this result confirms the finding from the analysis of the total IgG data, which revealed that HTLV-1-infected individuals present an impairment to produce anti-TT antibody after immunization. During HTLV-1 infection, immunological abnormalities have been documented in both APC and T cells [40, 43] , which could impair the immunological response to other antigens. The increased susceptibility to S. stercoralis in HTLV-1-infected individuals has been associated with a decrease in the Th2 immune response against parasite antigens [32] and with an increase in regulatory T cells [44] . Additionally, it has been shown that patients with HTLV-1 and strongyloidiasis present a negative correlation between the IFN-c and IL-5 levels and between the IFNc levels and the total parasite-specific IgE [44, 45] . We showed that the frequency of CD4 + T cells expressing IFN-c and IL-10 and the frequency of CD4 + T cells expressing TNF were lower in cultures of cells from HC than in UC after stimulation with TT. This finding indicates that the production of both pro-inflammatory and regulatory cytokines is decreased after immunization with TT in HTLV-1 infection. The impairment of T cells to produce cytokines and stimulate antibody production after immunization with the TT antigen may be due to a defect in APCs. Because HTLV-1 predominantly infects T cells, very little attention has been given to the role of monocytes/macrophages and DCs in this viral infection. However, HTLV-1 may infect monocytes/macrophages and DCs [7, 8] . Moreover, it has been shown that DCs from HTLV-1-infected subjects express less HLA-DR [25] and that they present an impairment in the differentiation of monocytes to dendritic cells [26] . In contrast, it has been reported that the Tax protein is effective for the differentiation and activation of monocytederived dendritic cells from ATLL patients by the induction of efficient antigen presentation and T cell stimulation [46, 47] . It is relevant to note that these previous studies included patients with HAM/TSP and/or ATLL, who are known to have an array of immunological abnormalities [40, 48] . In the present study, all of the participants were HTLV-1 carriers, and we showed that these individuals exhibit impaired expression of HLA-DR. It is possible that a decrease in the intensity of HLA-DR expression may impair antigen presentation to T cells, contributing to the decreased antibody levels and attenuated cell-mediated immunity observed in HTLV-1-infected subjects after immunization. Furthermore, in this study, we demonstrated that the HTLV-1 carriers showed lower levels of pDCs and mDCs compared with the uninfected controls. This result is similar to previous studies, which found lower levels of these DCs in ATL patients [49] . The decreasing of DC may impair immune response and consequently the antigen presentation. For instance, it has been demonstrated that the absence of pDCs in PBMC stimulated with influenza virus decreased the anti-influenza IgG production [50] .
The cytokines produced by APCs, such as IL-12 and IL-10, play a pivotal role in the development of an immune response. We have previously shown that HTLV-1 carriers produce more IL-10, which is important to down-modulate the immunological response in humans, compared with uninfected controls [13] . In addition, it has been shown that the IL-12 levels are reduced in the supernatants of cultures of cells from HTLV-1-infected subjects with tuberculosis stimulated with PPD [51] . Furthermore, the exogenous addition of IL-12 to lymphocyte cultures of HTLV-1-infected subjects enhances lymphocyte proliferation in response to PPD [27] . However, our data do not show impairment in IL-12 nor a higher expression of IL-10 by monocytes (data not shown). Therefore, we cannot rule out a role for regulatory cytokines in the impairment of the immune response in HTLV-1-infected subjects because our functional studies were performed only in monocytes. Nonetheless, we showed that decreases in the frequency of DCs and in the expression of HLA-DR occurred. These findings may play an important role in the decreased immune response to a biased antigen and may explain the increasing susceptibility of HTLV-1-infected subjects to develop other infectious diseases.
In conclusion, HTLV-1-infected individuals have a decreased humoral and CD4 + T cell immune responses against TT after immunization. These abnormalities may be partly explained by the failure to increase HLA-DR expression on monocytes and the low frequency of DC subsets observed in these individuals. However, it's necessary studies addressing the functional ability of DC to present antigen to T cells need to be performed. 
